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FOREST FIRES: Introduction

This is a very basic lecture to fit the ~45 min time limit and an assorted audience
of 94 participants from 29 countries in 7 continents, with degrees ranging from BAs
and BScs to PhDs in technical and social areas, and backgrounds in biosciences,
intelligence, meteorology, aerospace engineering, natural disasters, among many
others. By no means it is a simple task!

The emphasis of the lecture will be in practical issues concerning the detection
and monitoring of active fires and burned areas using data from sensors on-board
orbiting satellites, keeping in mind that it is part of a Series of Seminars on Remote

Sensing Technology for Disaster Management using Space-based Systems.
Most of the information presented results from the experience gathered by
INPE´s operational program of vegetation fires monitoring in more than 25 years.

of continuous activity – see http://www.inpe.br/queimadas
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Satellite detection of fires for alert and emergency
purposes should be used only where manned or
instrumented lookout towers are not available, if
local observation is not possible. Weather clouds,
steep relief, dense tree canopy and low energy
emitted may prevent a satellite sensor to detect a fire.
This is why tree plantations of
commercial value and areas of
preservation around the world
are constantly monitored with
lookout towers.

Fire lookout tower
in Poland.
Satellite sensors need direct “eye” contact with
the material burning, and will detect a fire only if its
size and temperature are above significant values.
Fires in their early stages, with low temperatures
Fire lookout tower, and dense smoke will not be detected by satellites.
so.Georgia, USA.
Fire lookout
Suggested ref.:http://en.wikipedia.org/wiki/Fire_lookout_tower
tower in RS, Brasil.
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In addition, satellite fire detection should not be used to coordinate ground activities
of fire brigades in the field, when human lives may be endangered. The fast spread of
fires in unpredictable ways and winds has killed scores of firemen, and the spatial and/or
temporal resolutions of satellite data is far from providing any useful help under those
circumstances. Watch this video for an idea of such situations, when an elite unit of
firefighters lost 19 firemen in Arizona, USA, in 2013.
http://abcnews.go.com/US/bodies-19-firefighters-killed-arizona-wildfire-recovered-medical/story?id=19540133
For another case in Valparaiso, Chile, 2014, see https://www.youtube.com/watch?v=U5FspzIzmVQ
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The combination of satellite fire detection and fire propagation models based on
terrain features and meteorological variables is being investigated, as recently shown at
http://www2.mmm.ucar.edu/people/coen/files/newpage_da.html However, such innovative
techniques are still far from operational and/or effective field use.

CAWFEE model simulations developed by A.Coen/UCAR, W.Wilfrid/NOAA and others.
Watch an animation example at http://www2.mmm.ucar.edu/people/coen/files/fire1h.mp4
Additional info and ref. at http://www2.mmm.ucar.edu/people/coen/files/newpage_c.html
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Detection of vegetation fires burned area mapping with satellites are used when:

• Local detection/enforcement does not exist, or when the population doesn’t care;
• Statistics of fire occurrences and/or estimates of burned area are not available;
• Air pollution measurements are not made in the areas affected by the smoke;
Or to provide:
• A synoptic view of fire occurrences and of the areas affected by fires;
• Regional and global temporal and spatial analyses of vegetation fires;
• Input for numerical models in the fields of environmental impacts/disturbances,
atmospheric emissions and dispersion, fire risk indexes, carbon balance, FRP, etc.
• Input for regional/global studies with other satellite remotely sensed data, e.g. CO,
CO2, O3 and aerosols.
• Input for correlation studies related to public health, environmental policies,
ecology, cultural issues, etc.
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Example of a satellite´s view during an episode of
vegetation fires on a regional scale over large
portions of South America. This AQUA/MODIS
image from 23/August/2010 shows thousands of
Vegetation fires in Brazil, Peru, Bolivia, Paraguay,
Argentina, Uruguay, whose combined smoke
plumes flowing to the south cover millions of km2.
Only satellites can
provide a broad picture
of regional episodes
of vegetation fires and
of their impact.
The press reported yellowish
and black rains associated to
this event of vegetation fires
with continental dimensions
and implications.

• FOREST FIRES: Context: Where, When & Why ? 6

The same episode at INPE´s system
showing the smoke pall advection into the
South Atlantic Ocean, and individual
detection of deforestation fires in Amazonia.
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See examples with animations of fires detected world wide and regionally at
http://earthobservatory.nasa.gov/GlobalMaps/view.php?d1=MOD14A1_M_FIRE&eo
cn=home&eoci=globalmaps
(Animation of MODIS fire pixels for the world)
http://queimadas.cptec.inpe.br/~rqueimaimg/videos/FocosdeCalor_amzlegal_2000a
2013.mp4
(MODIS-AQUA fire pixels from in the Brazilian Amazon region – INPE’s Fire System)
http://sigma.cptec.inpe.br/queimadas/animacao/todos_ams/loopt_ams.html
(MODIS-AQUA fire pixels in South America – INPE´s Fire System)

Hundreds of examples of vegetation fires in satellite images can be found at:
http://earthobservatory.nasa.gov/NaturalHazards/category.php?cat_id=8
(world wide examples in MODIS images of the AQUA and TERRA satellites)
http://queimadas.cptec.inpe.br/~rqueimadas/ExemplosValidacao/?C=N;O=D
(mainly South American examples from INPE using 8 to 10 different satellites)
http://svs.gsfc.nasa.gov/search/Series/Fires.html
(world wide examples of severe episodes of vegetation fires
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Satellite imagery is commonly used to detect active fires and to map burned
areas.

Sensors of medium spatial and low temporal resolution (e.g. Landsat-8/OLI) as
well as sensors with low spatial and high temporal resolution (e.g. AQUA-MODIS)
can be used for both purposes – detection and mapping.
Each has its ad/disad-vantages.
Active fire detection requires near-real-time info as often as possible.
Polar orbiters with wide-field sensors at an altitude of ~800 km cover any earth
location at least twice in 24 h (currently NOAAs, AQUA, TERRA, NPP, MetOP and
FY), and geostationary sensors from 36,000 km provide images every 10 (Japan’s
Himawari),15 (Europe’s MSG) or 30 minutes (USA’s GOES).
Spatial resolution is limited: pixels with 750 m (NPP-VIIRS; 350m coming soon!),
01 km (NOAAs, AQUA, TERRA, former TRMM), and 02 to 04 km (geostationaries)
is not ideal; 01 km resolution data can map burned areas in cases of large and
continuous fires.
INPE’s fire System operationally processes some 250 images/day from 8 to 10
satellites to extract fire pixels to its >3,000 users.
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Burned area products normally use the best possible spatial resolution to locate
and quantify burned areas, and if possible to infer the fire severity.
Therefore, an image many days or weeks old can still provide data. Landsat imagery
every 16 days with 30 m resolution is adequate, and better resolution, when available
(e.g.Google Earth) is even better.
However, cloud cover prevent the acquisition of useful data and the interval
between conscutive images may be too long for routine work. Just one or two Landsat
scenes during one year is not uncommon for many places in the world.
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Fires in Cape Town, So.Africa, 02/Mar/2015, SEVIRI-MSG and MODIS detections,
INPE System.
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The forest fire at Chile´s Conguillío National Park that burned 11,000 ha on March/2015,
with fire pixels detected by AQUA, TERRA, NOAA, NPP, GOES, in the INPE system.
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MSG-Seviri detection of a 49,000 ha fire in Valencia, Spain, 02/Jul/2012; INPE system.
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Attention: In addition to forest fires, other flaming targets will also
be detected by the same monitoring systems, as was the case
with the Villarrica Volcano, Chile, on 03/Mar/2015 at INPE´s.
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And besides
volcanoes,
large industrial and residential fires
will also be
detected, as
in this case
caught by
INPE´s fire
system at
Taboao da
Serra, SP,
Brazil, 19/
June/2013.
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Burned area estimates. This Landsat-5 satellite image on 9/April/2011 clearly shows
the extent burned and illustrates the challenges facing firefighters combating two
large wildfires in northern Mexico’s Coahuila state.
(source; http://landsat.visibleearth.nasa.gov/view.php?id=50087 )
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Example of a burned area product from low resolution (01 km) Images from the MODIS
sensor on-board the AQUA satellite. The Emas National Park in GO, Brasil, had ~90% of
its 132,000 ha of savanna vegetation burned on August/2010.
The figure on the left shows the fire pixels detected by the many satellites INPE uses,
where each color indicates a different sensor ; the figure on the right shows in dark
tones the area burned. In such large and continuous cases low resolution is useful.

• FOREST FIRES: Active Fires and Burned Area 9

ResourceSat/LISS-3 (India) was on the scene during this fire, 13/Aug/2010.
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Detection and mapping of
understory low intensity fires is
a difficult task with satellite
images.
This 2010 event in the Amazon
forest at the (river) Xingu Natnl.
Park in central Brazil shown by
the INPE Fire system had only
a few fire pixels that did not
represent the advance of fire
fronts for weeks in a row.
The concentric patterns show
the propagation of fires from a
central location.
At the lower right side, the
deforested area is clearly the
origin of the fire.
The many sources of fires
along the river bed probably
resulted from the misuse of fire
by the indigenous population.

Fire Pixels

Fire affected forest

Fire Pixels
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Operational monitoring of burned areas using low resolution imagery is available for
the whole globe through a monthly NASA- University of Maryland MODIS product:

https://lpdaac.usgs.gov/products/modis_products_table/mcd45a1

http://modis-fire.umd.edu/pages/BurnedArea.php

Note) Previously, two products existed - MCD45A and MCD64; they were
recently unified, according to
http://modis.gsfc.nasa.gov/sci_team/meetings/201304/presentations/land/boschetti.pdf
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Excitance according to Planck´s function

Active fires are best detected
at about 3.7um to 4.0 um






> 8 0 0K >~530 ° C ( in t e n s e v e g et at i on f i re s )
700K ~430°C
600K ~330°C
4 0 0 K ~ 1 3 0° C ( s m o l der in g c o m b u s tio n )
3 0 0 K ~ 2 7 ° C ( e a r t h ’s s u r f a c e )

Excitance, W/m2-um

Physical principle:
Wien’s displacement law states that
the black body radiation curve for
different temperatures peaks (Plank´s
function) at a wavelength inversely
proportional to the target
temperature.

Very important: the temperature of a fire
pixel in the image is much smaller than
the actual fire temperature !

Wavelength, um
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Histogram of pixels in a Channel 3.9um
image: fire pixels occupy a separate part

In a bispectral plot using Channel 3.9um
fire pixels are distinct from other targets

• FOREST FIRES: Detection´s Physical Principles 3

Small fires (10 m x 10m) but very hot
(~1200K) emit the same amount of
thermal energy as a large fire (100 m x
100 m) at the low temperature of
(550K).

Estimating the size and/or temperature
of a fire in a fire pixel, or its FRP (Fire
Radative Power) requires the use of
additional thermal bands and the
modelling of combustion conditions,
physical properties of materials,
atmospheric absortion, etc.
Results may be questionable.

Source: Csizar et al, 2014.
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The 3.7µm-3.9µm band is
ideally located at:
• an atmospheric window;
• the peak of energy emission
from vegetation fires.
How fortunate !!!
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Backgroud figure by Robert A. Rohde for the
Global Warming Art project. http://commons.wikim
edia.org/wiki/File:Atmospheric_Transmission.png
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Very important:
Signal in IR3.9um comes from
both reflected solar AND
emitted thermal radiation!

Therefore, detection algoritms have different
sensitivity at day or night time.
Sunglint is a major nuisance on daytime images
Figures from J.Kerkmann/Eumetsat, 2009.
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Example of hot pixel
detections during the “
fire season”.
Sensor MODIS,
AQUA satellite.
Western Amazonia
Hundreds of smoke
plumes with hot pixels
at their origin.
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Example of hot pixel
detections during the “
fire season”.
Sensor MODIS,
AQUA satellite.
Western Amazonia
Hundreds of smoke
plumes with hot pixels
at their origin.
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Fires can be
detected by many
satellites and
different sensors,
as in this example
for AVHRR/ NOAA16, MODIS/ AQUA
and
IMAGER/GOES-12
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Fires can be
detected by many
satellites and
different sensors,
as in this example
for AVHRR/ NOAA16, MODIS/ AQUA
and
IMAGER/GOES-12
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Fires can be
detected by many
satellites and
different sensors,
as in this example
for AVHRR/ NOAA16, MODIS/ AQUA
and
IMAGER/GOES-12
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Important: the number of fire pixels varies
greatly with the algorithm (filters), as in
this example using 35oC and 45oC
thresholds with a GOES-12 image.

Fire Pixels

t > 35oC, more fires

t > 45oC, more
conservative
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Example of an algorithm to detect
active fires: the new NPP-VIIRS
Sensor.
The distinction between night and
day detection of fires in channel
M13 is clear, as well as the use of
additional channels to assure
proper detection.

From: Csizar et al, 2014. Active fires from
the Suomi NPP Visible Infrared Imaging
Radiometer Suite: Product status and first
evaluation results, J. Geophys. Res. Atmos.,
119, doi:10.1002/2013JD020453.
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Aqua (EOS PM-1), Mar/2002

GOES-13, Mai/2006
NOAA-19/AVHRR,Fev/2009

Terra (EOS AM-1), Dez/1999

NPP-VIIRS, Out/2011

MSG-2, Dez/2005
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Instructor: change presentation to animation of satellite orbits.
If it doesn´t work, use http://science.nasa.gov/realtime/jtrack/3d/JTrack3D.html/
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Active fires are detected in the 3.9 µm band, which vary slightly among
satellite sensors.
Other channels in the visible and thermal portions of the optical spectrum
are also used to eliminate false detections at day time.

Main satellites
/sensors
currently used
(May/2015) in
the monitoring
of fires.

• FOREST FIRES: Satellites for Vegetation Fires 3

For a view with GOOGLE_EARTH of the fires detected by the many sat
ellites used by the INPE system, click at

http://peassaba.cptec.inpe.br/queimadas/focos_google.html
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Thermal detection of
vegetation fires with different
spatial resolutions:

- Landsat-8/OLI 30m;
- NPP/VIIRS 375 m;
- AQUA/MODIS 01 km

From:W. Schroeder et al, 2015, submitted.
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Validation is fundamental to
develop and calibrate algorithms,
as with these two recent cases in
Germany and Brazil.
Landsat-8/OLI detected both
events, but not MODIS.

From: W. Schroeder et al,
2015, submitted.
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A comparison of a vegetation fire in RS, south Brasil as detected in temporal
sequences by AQUA/MODIS 01km, NPP/VIIRS 750 m and NPP/VIIRS 375
m (being implemented at INPE).

Source: W. Schroeder/NOAA, 2015.
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For a complete list of satellites used for active fire detection and burned area
mapping, check
http://www.wmo-sat.info/oscar/gapanalyses?view=62

Internal links in this site will present you details of the sensors used.

As an additional link of interest, for airborne sensors go to this one,
https://eoportal.org/web/eoportal/airborne-sensors
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Only two systems of active fire monitoring with satellites are operational on a global
scale, releasing the information within up to ~3 hours after image acquisition:
MODIS (AQUA & TERRA)
https://earthdata.nasa.gov/data/near-real-time-data/firms

VIIRS (NPP-SUOMI)
http://viirsfire.geog.umd.edu/pages/products.php
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FIRMS-NASA
Example of an alert e-mail
showing two fire pixels
detected in SE Brazil

Register at https://earthdata.nasa.gov/data/near-real-time-data/firms/fire-email-alerts
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Try these websites for a long and assorted list of links related to the
Global and Regional monitoring of vegetation fires using satellite data,

GFMC (FAO & Univ.Freiburg) http://www.fire.uni-freiburg.de/current/globalfire.htm

UNEP) http://www.grid.unep.ch/activities/earlywarning/fires/index.php

INPE) http://www.inpe.br/queimadas/matTerceiros.php
(in the middle of the page, “Latin America”, “Other Countries”, “Global Monitoring”
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A few regional systems presenting vegetation fires detected by satellites:
Americas/ ABBA-SSEC) http://wfabba.ssec.wisc.edu/
Argentina/CONAE) http://catalogos.conae.gov.ar/focos/
Australia & SE Asia/Sentinel ) http://sentinel.ga.gov.au/#/main
Mexico/CONABIO) http://incendios1.conabio.gob.mx/

North & Central America /NOAA) http://www.ssd.noaa.gov/PS/FIRE/Layers/FIMMA/fimma.html
Russia/ISDM) http://www.nffc.aviales.ru/engl/main.sht
South Africa/AFIS) http://afis.co.za/#grid4wrap
South America/INPE) http://www.inpe.br/queimadas
SE Asia/Singapore) http://www.weather.gov.sg/wip/c/portal/layout?p_l_id=PUB.1003.540

Thailand/DNP) http://www.dnp.go.th/forestfire/hotspot/2558/Noaa_Modis_07_05_58.htm

GFMC) http://www.fire.uni-freiburg.de/current/globalfire.htm
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The INPE Fire System, among dozens of products customized
by individual users, provide alert e-mails that combine detection
by many sastellites, special GISs, fire risk forecasts, etc.
http://sigma.cptec.inpe.br/queimada/admin.login.logic
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Extracts from INPE´s daily
Report customized by users,
With fire and weather tables
and maps.
http://www.inpe.br/queimadas
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In addition to active fire detection and burned area
mapping, satellite monitoring of fires provide many
other applications, as shown by INPE´s system in
Brazil:
• Air quality assessments for official public health
Institutions issuing population guidances. Products
combine fire detection with emission estimates and
dispersion in the atmosphere.
• Evaluation of sustainable development indexes.
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In addition to active fire detection and burned area
mapping, satellite monitoring of fires provide many
other applications, as shown by INPE´s system in
Brazil:

• Prevention of energy black outs caused by fires
close to transmisision lines

• Criteria for fiscal incentives
to provinces and counties
that reduce the number of
fire pixels
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In addition to active fire detection and burned area
mapping, satellite monitoring of fires provide many
other applications, as shown by INPE´s system in
Brazil:
• Automatic daily reports
for environmental
agencies at federal
and state levels, used to
define administrative
measures and field
Actions to control and
fight fires.
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In addition to active fire detection and burned area
mapping, satellite monitoring of fires provide many
other applications, as shown by INPE´s system in
Brazil:
• Integrated flow of
information with law
enforcemnt agencies to
curb illegal deforestation
and unauthorized use of
fire in the vegetation.

Combined INPE-IBAMA
mission, 27-28/Sep/2012,
Sinop, MT. Brazil.
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In addition to active fire detection and burned area
mapping, satellite monitoring of fires provide many
other applications, as shown by INPE´s system in
Brazil:
• Fire Risk products that use fire detections from
satellites to identify critical areas.
http://peassaba.cptec.inpe.br/queimadas/abasFogo.php

• FOREST FIRES: Closure, and the Future 6

In addition to active fire detection and burned area
mapping, satellite monitoring of fires provide many
other applications, as shown by INPE´s system in
Brazil:
• Analysis of temporal and spatial fire data using
dynamic tables and graphs updated daily, as in this
example for Brazil and for one of its states,
Mato Grosso.
Only detections from one satellite are used for
this purpose: AQUA/MODIS in thi case.
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In addition to active fire detection and burned area
mapping, satellite monitoring of fires provide many
other applications, as shown by INPE´s system in
Brazil:
Hundreds of scientific papers and technical papers in
subjects like Environmental Protection, Public Health,
GISs, Climate Change, Remote Sensing,
Image Processing, atmospheric Sciences, Land Change
Dynamics, etc. by users and developers of the system,
http://queimadas.cptec.inpe.br/~rqueimadas/documentos
/pub_queimadas.pdf
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Main limitations in the monitoring of vegetation fires
using satellites:
•

Cloud cover prevents fire detection and burned area mapping;

•

Timing of images with ideal resolution not adequate;

•

Understory and low temperature fires not detected;

•

Fires in steep slopes out of the satellite´s sight line;

•

Maps and inventories of vegetation rarely available;

•

Size and temperature of small fires poorly estimated;

•

Fires in parts of the images with large scanning angles and distorted pixels;

•

Operational glitches in the satellites and in the data processing facilities.
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Monitoring of vegetation fires has unique characteristics,
because the information:
•

Is in a single pixel;

•

Should indicate only “yes” or “no”, without any margin for error;

•

Needs good geographical accuracy - 100s of meters, or better;

•

Needs to be operationally generated, distributed and used in near-real time;

•

Is constantly verified in the field;

•

Is obtained by sensors not designed specifically for this job !!!
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The future:
• Improved spatial resolution in the wide coverage sensors, following the successful
375m definition experience with NPP-SUOMI/VIIRS.
• Geostationary imaging every five minutes with 01 km pixel resolution and more
adequate radiometric range to became real with GOES-R. In 2017 (or 2016!) for
the Americas.
http://www.goes-r.gov/education/docs/Factsheet_FireDetection_Feb2014.pdf
• Additional data bases for vegetation and ground cover, mainly derived from
satellites, to be integrated to the fire monitoring.
• Additional satellites with 10 to 30 m pixel resolution, such as Sentinel, CBERS,
which together with Landsat will permit burned area and active fire monitoring with
unprecedented quality and results.
http://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Overview4
A bright future ahead for satellite fire monitoring. However, weather clouds will remain
in the sky, and therefore lookout towers and field assessments will still be needed.
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Thank you!
queimadas@inpe.br
http://www.inpe.br/queimadas

